An analytical method was developed for the extraction and determination of pyrethroid pesticide residues in tobacco. The modified QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method was applied for preparing samples. In this study, methyl cyanide (MeCN)-saturated salt aqueous was used as the two-phase extraction solvent for the first time, and a vortex shaker was used for the simultaneous shaking and concentration of the analytes. The effects of experimental parameters on extraction and clean-up efficiency were investigated and optimized. The analytes were determined by gas chromatography-mass spectrometry-selected ion monitoring (GC-MS-SIM). The obtained recoveries of the analytes at three different fortification levels were 76.85 -114.1% and relative standard deviations (RSDs) were lower than 15.7%. The limits of quantification (LOQs) were from 1.28 to 26.6 μg kg -1 . This method was also applied to the analysis of actual commercial tobacco products and the analytical results were satisfactory.
Introduction
Pyrethroids are a new type of man-made pesticide similar to the natural pesticide pyrethrum, which is produced from chrysanthemum flowers. 1 In recent years, pyrethroid pesticides have been widely used for agriculture, residential consumer applications, and commercial pest control due to the advantage of relatively lower mammalian toxicity, selective insecticide activity and lower environmental persistence compared to organochlorines, organophosphorus and carbamates insecticide. 2 The use of highly toxic pesticides has declined over the past decade due to concerns over the human toxicity of these compounds, while the use of pyrethroids has increased steadily. This change to less toxic pesticides, though generally beneficial, has introduced certain new issues. 3, 4 One of the most important aspects is the toxicity of the compound on non-target organisms in pollutant studies. Pyrethroids could be converted to nontoxic metabolites by hydrolysis in mammals and the toxicity of pyrethroids to humans is thought to be low, but it seems that they have carcinogenic and endocrine disrupting effects. Moreover, the widespread application of these compounds has caused contamination of environmental compartments, such as aquatic ecosystems, soil and air. [5] [6] [7] [8] Consequently, the determination of pyrethroid pesticide residues is at the forefront among preventive measures in public health and food safety.
Tobacco is one of the most widely consumed products in the world and its consumption has increased in recent decades. Pyrethroid pesticides are widely used during several periods of tobacco cultivation to improve yields. In order to ensure consumer safety and international trade, maximum residue limits (MRLs) 9 of pesticide residues in different agricultural commodities including tobacco has been established. In 2008, the Agrochemical Advisory Committee of Cooperation Centre for Scientific Research Relative to Tobacco (CORESTA) published a list of Guidance Residue Levels (GRLs) for 118 pesticides in tobacco and tobacco products. 10 A number of sample preparation and analytical methods have been developed for efficient extraction and trace-level detection of pyrethroid residues in samples. The extraction of pesticides in samples usually includes various solvent extraction methods, such as the conventional Soxhlet extraction (SE), 11 liquid-liquid extraction (LLE), 12 microwave-assisted extraction (MAE), 13,14 accelerated solvent extraction (ASE) 15 and solid-phase extraction (SPE). After these sample preparation procedures, the analytes were determined by liquid chromatography (LC) or GC with a variety of detectors. [16] [17] [18] [19] However, SE and LLE are complex, consuming a large volume of toxic solvents and are time-consuming. And the more difficult problem to solve is that the extracts obtained from these traditional analytical methods are too polluted to yield reliable results and the obtained extract concentration is too low to be detected. In recent years, MAE, SPE and ASE have increasingly adopted as new techniques for the extraction of pesticides. These methods typically use less solvent, time and energy, but involved more stringent instrument requirements and higher costs. To overcome these shortcomings, improved sample purification is required. An alternative technique called QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method 20 was developed by Anastassiades and Lehotay in 2003. The QuEChERS method involves microscale extraction using a small volume of methyl cyanide (MeCN), followed by the liquid-liquid partition process with the addition of sodium chloride (NaCl) and anhydrous magnesium sulfate (MgSO4). Clean-up and removal of water steps are performed simultaneously with dispersive solid-phase extraction (d-SPE).
The QuEChERS procedure symbolizes a new milestone for pesticide residue analysis and it has already been widely accepted by the international community of pesticide residue analysts. At present, the method has been applied for the analysis of fruits, vegetables, cereals and related products by many laboratories. [22] [23] [24] In 2010, Koesukwiwat et al. described an extension of the QuEChERS method for pesticide residues in flaxseeds, doughs and peanuts using gas chromatography-timeof-flight mass spectrometry (GC-TOF) for analysis, 25 also in 2010, Lian et al. described the simultaneous determination of 346 multiresidue pesticides in grapes by primary secondary amine (PSA)-matrix solid phase dispersion (MSPD) and gas chromatography-mass spectrometry-selected ion monitoring (GC-MS-SIM), 26 and Pinto et al. analyzed chlorinated compounds from soil samples using a simplified QuEChERS approach but without the d-SPE step after the extraction. 27 In 2011, Frenich et al. described a rapid method for the determination of 10 mycotoxins using a QuEChERS-based extraction procedure and ultra-high-pressure liquid chromatography coupled to triple quadrupole mass spectrometry without applying any further clean-up step. 28 Also in 2011 Chen et al. developed a method for rapid determination of pesticide residues in tea by ultra performance liquid chromatographyelectrospray tandem mass spectrometry. 29 A SPE cartridge layered with graphite carbon/aminopropylsilanized silica gel was applied as complementary to the QuEChERS method for minimizing the matrix effects from tea.
As far as we know, until now, there have been only a few methods reported for the fast determination of pyrethroid pesticides in tobacco and tobacco products, especially by GC-MS combined with the QuEChERS sample preparation procedure. [30] [31] [32] [33] To avoid excessive treatment of tobacco with pyrethroid, the residues of pyrethroid pesticide in tobacco must be regulated and monitored. In this paper, GC-MS-SIM combined with the modified QuEChERS sample preparation procedure for the fast determination of pyrethroid pesticide residues in tobacco was developed. The effects of experimental parameters such as the effect of extraction solvents and different types of clean-up sorbents were also investigated and optimized. The analytical performance of this method was evaluated by analyzing commercial tobacco products.
Experimental

Reagents and chemicals
Pyrethroid pesticide standards, including bifenthrin, fenpropathrin, cyhalothrin, permethrin, cypermethrin and deltamethrin, were purchased from National Institute of Metrology (Beijing, China). The purities of the pyrethroids were ≥ 99.6% (w/w). Individual stock solutions of standards were prepared in n-hexane at a concentration of 1000 mg L -1 and stored at -18 C. Working standard solutions of the pesticides were prepared appropriately by diluting standard stock solutions with n-hexane and then stored in a refrigerator at 4 C.
All chemicals used in the experiment were of analyticalreagent grade or above: MeCN was high performance liquid chromatography (HPLC) grade and purchased from National Institute of Metrology (China). NaCl and anhydrous MgSO4 were supplied by Windship Chemistry Technological Co., Ltd. (Tianjin, China). Anhydrous MgSO4 was baked at 600 C for 4 h to remove phthalates and any residual water and then placed in a tightly closed container after being cooled. All the sorbents for d-SPE, including PSA (size: 40 -60 μm), octadecylsilane (C18) (size: 40 -60 μm) and graphitized carbon black (GCB) (size: 38 -120 μm) were purchased from Bonna-Agela Technologies (Tianjin, China). Deionized water was obtained using a Milli-Q integral system. Tobacco samples were separately purchased from tobacco shops in Jilin, Shandong and Yunnan province, China. For all fortification experiments and the calibration matrix study, blank samples were purchased from tobacco plantations in Nong'an county, Changchun city, Jilin province, China. The samples were dried in the oven at 80 C for 12 h before being crushed by a high-speed universal disintegrator. After being disintegrated, the sample powder was stored in a desiccator. Recovery experiments were performed by spiking blank samples with a proper volume of standard working solution in a glass mortar. After being well homogenized, the sample was equilibrated in the dark at room temperature overnight before being analyzed.
Instrumentation
A Shimadzu GC-MS QP 2010 Plus system (Kyoto, Japan) was used to detect the analytes. Chromatographic separation was conducted using a DB-5MS capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness, J&W Scientific, Folsom, CA). A Vortex Shaker (Vortex-5) was purchased from KylinBell Lab Instruments Co., Haimen, China. The centrifuge (LDZ4-1.2) used was manufactured by Jingli Centrifuge Co., Beijing, China.
A nitrogen evaporator (DCY-12S) was purchased from Qingdao Haike Instrument Co., Qingdao, China. A high-speed universal disintegrator (FW-100) was purchased from Taisite Instrument Co., Tianjin, China. The parameters of the high-speed universal disintegrator are listed as follows: rational speed at 24000 r min -1 , motor power at 460 W, grinding result between 60 -200 mesh.
Extraction and clean-up
The tobacco samples were prepared with the modified QuEChERS method. A sample amount of 1.0 g of tobacco was weighed and put into a 15-mL centrifuge tube. For extraction, 5 mL of saturated salt aqueous and 5 mL of MeCN were added to the tube and mixed on the vortex shaker at the maximum setting for 5 min. The mixture was centrifuged for 5 min at 4000 r min -1 to provide a well-defined phase separation. For clean-up, 3 mL of aliquot of the upper layer was transferred to another 15 mL of centrifuge tube containing 120 mg PSA and 450 mg anhydrous MgSO4. The centrifuge tube was capped, vigorously shaken for 2 min with a vortex mixer, and then centrifuged for 5 min at 3000 r min -1 . Next, 2 mL of supernatant was transferred to a glass tube, evaporated to dryness under a stream of N2 at 40 C. The residue was dissolved in 1.0 mL n-hexane. Then the resulting solution was immediately filtered with a 0.22-μm organic filter and transferred to a sealed glass vial. The extract was referred to as the analytical solution and then analyzed by GC-MS-SIM.
GC-MS analysis
Sample analysis was carried out with a Shimadzu GC-MS QP 2010 Plus system equipped with a split-splitless injection inlet. A 1.0-μL volume of the analytical solution was injected in the splitless mode at 280 C. A DB-5MS capillary column was used for the chromatographic separation. GC-MS conditions were as follows: ultra-high-purity helium (purity ≥ 99.999%) was used as the carrier gas at a constant flow of 1.0 mL min -1 ; the temperature program of the GC oven was set initially at 70 C (held for 1 min), and then ramped at 25 C min -1 to 250 C not held, and finally elevated to 280 C by a ramp of 5 C min -1 (held for 8 min); the ion source, GC-MS interface temperature and the electron impact ionization energy were set at 200 C, 250 C and 70 eV, respectively. Acquisition was performed in full scan mode (m/z 40 -600) for identification purposes, and in the SIM mode for quantitative analysis. The characteristic mass fragment ions used for quantitative and qualitative analysis and the retention times are given in Table 1 . In order to maximize the signal for pesticides, the GC-MS chromatogram of pyrethroid pesticides were divided into five retention time-windows (Table 1) according to the pesticides retention time, so that determination of multi-residues was as simple as single residue determination; at the same time, to improve sensitivity, the MS system was carried out in SIM mode and each pyrethroid was quantified based on peak area of characteristic mass fragment ion chosen in Table 1 . The total ion chromatogram (TIC) at concentration level of 2.5 mg kg -1 for the six pyrethroid pesticides in full scan mode is shown in Fig. 1 .
Results and Discussion
GC-MS analysis
In this work, six pyrethroid pesticides (bifenthrin, fenpropathrin, cyhalothrin, permethrin, cypermethrin and deltamethrin) were selected for GC-MS-SIM analysis, based on their relevance in tobacco cultivation and storage conditions. The mass spectrometer (MS) was performed for the fragmentation of pyrethroid pesticides. MS was operated in the electron impact (EI) mode and was calibrated with perfluorotributylamine (PFTBA). First of all, the pyrethroid pesticides involved in this study were identified by injection of individual pesticide standards using full scan mode to obtain the fragmentation spectra of the analytes. Based on the retention time and characteristic mass fragment ions, the compounds were identified. The fragment ions of each pyrethroid pesticide were chosen for the purposes of quantification and reduction of interference. With a view to prevent serious contamination of the instruments, a solvent delay of 10 min was set to avoid saturation of the MS detector.
Pyrethroids usually have isomerides. However, when we bought the standards of pyrethroid pesticide, the manufacture did not separate or identify the isomerides of each pyrethroid. As we can see in Fig. 1 , isomers of some pyrethroids were separated in the GC-MS analysis. Cyhalothrin and permethrin have two isomerides independently and cypermethrin has four isomerides, which resulted in 11 peaks during the process of chromatographic analysis. In the chromatogram, peaks of cypermethrin III and cypermethrin IV could not be completely separated from each other since pyrethroid isomers have similar chemical and physical properties. However, because the SIM mode was applied in quantitative analysis, the two isomers could be quantitatively determined. In the quantitative analysis, each peak area of cyhalothrin, permethrin and cypermethrin is the sum of the peak area of their isomers' target ion accordingly.
Optimization of the extraction and clean-up
In order to acquire a quick extraction of pyrethroid pesticides and reduce the matrix effect, the effect of the extraction solvents included, MeCN, acetone, MeCN-water (1:1, v/v) and MeCNsaturated salt aqueous (1:1, v/v), was examined. Among them, MeCN and MeCN-water are often employed in QuEChERS. In this work, we took the recovery of a spiked sample at the concentration level of 0.5 mg kg -1 as index. The recoveries of pyrethroid pesticides obtained with different extraction solvents are showed in Fig. 2 . The lowest extracting recoveries were obtained using acetone as extraction solvent. When MeCN was used as the extraction solvent, the recoveries of permethrin, cypermethrin and deltamethrin were lower compared with those obtained with MeCN-water and MeCN-saturated salt aqueous. The recoveries of pyrethroid pesticides obtained using MeCN-water and MeCN-saturated salt aqueous as extraction solvents were satisfactory. After extracting the target compounds by using MeCN-water as the extraction solvent, in order to separate MeCN from water, we usually added NaCl and anhydrous MgSO4. During this process, the loss of MeCN in the extraction solvent is inevitable because of the effumability of MeCN, which will cause extra operating errors. Meanwhile, using the two-phase extraction solvent MeCN-saturated salt aqueous as the extraction solvent allows for skipping the process of adding NaCl and anhydrous MgSO4, which is more time saving. Therefore, MeCN-saturated salt aqueous was chosen as the combination extraction solvent. Three clean-up sorbents were investigated in this work, including (I) 120 mg of PSA and 450 mg of anhydrous MgSO4; (II) 120 mg of PSA, 120 mg of C18 and 450 mg of anhydrous MgSO4; (III) 120 mg of PSA, 30 mg of GCB and 450 mg of anhydrous MgSO4. PSA is used to remove fatty acids, sugars and other components, C18 is used to remove coextracted fat and waxes in extracting solution and GCB is used to remove pigment especially carotenoids and chlorophyll. The effects of the three clean-up sorbents on the recoveries of pyrethroid pesticides were investigated at the spiked level of 0.5 mg kg -1 . As shown in Fig. 3 , when PSA and PSA-C18 were used, recoveries for the analyte were satisfactory. But the additional C18 in clean-up sorbent II did not enable sufficient purification to remove wax in the extracting solution, nor did it improve fortification recovery compared with PSA alone in tobacco samples. When PSA-GCB was used, the recoveries of deltamethrin and permethrin were lower than 71%. Therefore, PSA sorbent alone was chosen as the clean-up sorbent.
Validation of the present method
Under the optimized experimental conditions, a series of experiments were performed for evaluating the repeatability, linearity, accuracy, correlation coefficients, the limits of detection (LODs) and limits of quantification (LOQs). All the analyses were carried out by analyzing fortified blank sample of tobacco.
The matrix-matched calibration curves were established by plotting the peak areas measured versus the concentration of analytes. The spiked samples at the spiked concentrations of 12.5, 50, 250, 500, 1000 and 2500 μg kg -1 were analyzed in triplicate. The experimental results are listed in Table 2 . The linearity for all pyrethroid pesticides was satisfactory with the correlation coefficients (r) between 0.9954 and 0.9996. For all the analytes, LODs and LOQs were in the range of 0.385 -7.98 μg kg -1 and 1.28 -26.6 μg kg -1 , respectively. The LODs and LOQs indicated in Table 2 were determined as the lowest concentrations yielding a signal-tonoise (S/N) ratio of 3 and 10, respectively. The LOQs obtained by the method were much lower than the GRLs regulated by the Agrochemical Advisory Committee of CORESTA (Table 3) and should be appropriate to the goal of the proposed method.
Method accuracy was evaluated by recovery tests at low, medium and high spiked concentrations (n = 6). It can be seen from Table 2 that the recoveries of the six pyrethroid pesticides were between 76.85 and 114.1% at three different fortification levels with relative standard deviation (RSD) values of 2.9 -15.7%. Although recoveries of bifenthrin, cypermethrin and deltamethrin at low fortification concentrations were between 76.85 and 78.54%, all these recovery levels were considered acceptable.
Analysis to real samples
In order to verify the efficiency and reliability of the present method, pyrethroid pesticides in three actual commercial tobacco samples cultivated from different regions were analyzed (n = 3). Tobacco samples named sample A, sample B and sample C were separately purchased from tobacco shops in Jilin, Shandong and Yunnan province. The analytical results of the samples are showed in Table 3 . Cyhalothrin and deltamethrin Fig. 3 Effect of sorbents on recoveries of pyrethroid pesticides at the spiked level of 0.5 mg kg -1 (n = 6). A, peak area of pyrethroid pesticide; c, concentration of the pyrethroid pesticide in μg kg -1 for tobacco samples. were present in all the samples and concentrations of the two analytes are between 6.56 and 34.8 μg kg -1 , indicating that these two pyrethroid pesticides were commonly used in tobacco plantations. Only a small amount of bifenthrin was found in tobacco samples. 16.8 μg kg -1 of permethrin was found in tobacco samples from Shandong Province. All pyrethroid pesticide residues were below the GRLs.
Conclusions
In the present study, an analytical method for the extraction and determination of six pyrethroid pesticide residues in tobacco by a modified QuEChERS sample preparation procedure and GC-MS-SIM was developed. The combination of quick extraction and simultaneous clean-up for pyrethroid pesticides in tobacco enables rapid and efficient monitoring. The time, labor and volume of reagent consumption were minimized. The results showed quite good analytical performances in terms of the linearity, sensitivity and repeatability. The LODs obtained by the method were much lower than the GRLs regulated by the Agrochemical Advisory Committee of CORESTA, an association of organizations conducting scientific research related to tobacco. The developed method is suitable for routine residue monitoring in tobacco and tobacco products.
